Hippocampal synaptic plasticity, memory, and epilepsy: effects of long-term valproic acid treatment.
Memory impairment is commonly associated with epilepsy, and the use of antiepileptic drugs (AEDs) causes additional neuropsychologic deficits that are of particular concern in learning-age children and elderly patients. The aim of this study was to investigate hippocampal synaptic plasticity and morphology as well as hippocampal-dependent memory in physiologic conditions and in a genetic model of epilepsy following chronic treatment with the widely used AED valproic acid (VPA). Mice lacking the presynaptic scaffolding protein Bassoon were used as a model of epilepsy. Electrophysiologic recordings were used to analyze basal glutamatergic synaptic transmission, paired-pulse facilitation, and activity-dependent long-term potentiation (LTP) in the CA1 area. Dendritic morphology and spine density were analyzed, and glutamate-related signaling was investigated by Western blot analysis. Social transmission of food preference test was used to investigate nonspatial hippocampal memory. VPA treatment significantly reduced seizures frequency and mortality in epileptic mice. Long-term potentiation was absent at CA1 synapses of untreated epileptic mutant mice that also showed significant dendritic abnormalities. Treatment with VPA rescued physiologic LTP but did not reverse morphological abnormalities and deficits in nonspatial hippocampal memory observed in mutant epileptic mice. Moreover, VPA was found to induce per se dendritic abnormalities and memory dysfunction in normal animals. The impairment of hippocampal synaptic plasticity in epileptic mice, rescued by VPA treatment, might represent the mechanism underlying epilepsy-induced memory deficits. Moreover, the demonstration that VPA induces morphologic alterations and impairment in specific hippocampal-dependent memory task might explain the detrimental effects of antiepileptic treatment on cognition in human subjects.